Abstract. State-of-the-arts in the study of urban land subsidence in our country, including its occurrence mechanism, prediction and control have been reviewed in recent years. The land subsidence is a geological hazard with a reduction of regional elevation owing to the compact of soil which is given rise to the natural and human factors. It is found that the engineering construction is getting more and more impact on land subsidence. The relationship between the construction characteristics, such as the size of buildings, the volume ratio and the degree of dispersion, and land subsidence was revealed, which is helpful to the environmental protection and the sustained development of the city.
Introduction
Since first occurred in 1898, the land subsidence has become a common widespread geological disaster in the world. According to statistics, more than 60 countries and regions around the world have occurred land subsidence. In China, more than 70 cities or regions have occurred land subsidence, it has caused more than 4 billion in direct economic losses [1] [2] . The disasters caused by land subsidence seriously affect the urban construction and economic development, which give rise to building damage, underground pipeline cracking , increase in maintenance costs of flood defenses, seawater intrusion and soil stalinization [3] [4] .
The land subsidence is one of the geological disasters with a reduction of regional elevation due to the compact of soil resulted in the natural factors and human product activities. It is of great significance for the human survival and production and has been the key research field, focused on by the international academia [2] [5] [6] .
The reason for the land subsidence mainly include neotectonics, developing and using underground fluid resources, underground solid minerals mining, karst collapse, melting of permafrost and engineering construction [7] [8] .In recent years, scholars have been done a lot of research works on the occurrence mechanism, the prediction and the control of land subsidence, especially for the urban land subsidence which is also the topic discussed here, but there are still many problems need to be tackled.
The mechanism of land subsidence
The deficiencies of traditional land subsidence model. The traditional view is that the ground subsidence in most cities in China is caused by excessive exploitation of groundwater. The mechanism of ground subsidence caused by groundwater exploitation is the effective stress principle and the principle of water dynamic consolidation. That is to say, with the decrease of the water head, the effective stress increases, and the deformation of the soil mass is generated, which leads to the land subsidence [9] [10][11] [12] .But since 1990s, the groundwater level in the central city of Shanghai city is basically unchanged, and the land subsidence is significantly increased. At the same time, Shanghai has carried out large-scale urban construction, to the end of 2009, the rail line length of the track rises from 15.21 km in 1996 to 355 km nowadays, and the housing construction areas of more than 8 layers buildings in the city increases from 9.59×106 m subsidence caused by groundwater exploitation, but it is difficult to explain this [9] [13] .
The coupling effects of groundwater exploitation and building load on land subsidence. The correlation analysis between the urban land subsidence and the construction engineering shows that the acceleration of the land subsidence is related to the urbanization construction [13] . The subsidence factors caused by the process of urbanization include the construction load and traffic load , the soil compression owing to excavation, precipitation and tunnel construction, tunnel leakage, reduce in the groundwater recharge from the surrounding areas, and the continued to decline in underground water level induced by building block water effect [13] [14] [15] [16] . Groundwater exploitation has not been the main cause of land subsidence. The construction of large scale cities is an important cause of settlement, and the engineering settlement accounts for about 30-40% of the total land subsidence [13] [17] [18] .With the development of urbanization in China, the proportion of engineering settlement in the ground subsidence will continue to increase.
In order to explain the urban land subsidence, it is very important to consider the influence of groundwater exploitation and urban construction on the ground subsidence. According to the principle of conservation of mass, the model of ground subsidence caused by the ground subsidence caused by the non consolidation stratum under the building load is the same as that of the ground subsidence caused by underground mining [19] . But the land subsidence has coupling effect with the additive effect of groundwater exploitation and building load, it shows that the land sedimentation value with additive effect is lower than the sum of land sedimentation value with individual pumping and individual load under comparable condition [20] , the quantitative expression of coupling effect has not been reported.
The effect of architectural complex on land subsidence. The Chinese code for design of building foundation [21] gives a calculation method for subsoil deformation of building and considers that the time required for the subsoil deformation of building to stabilize relates to the compressibility of soil layer.(Housing and urban-rural development of the People's Republic of China， 2011) Scholars use the model test and numerical simulation to study the land subsidence caused by architectural complex, the land subsidence result caused by a single building calculated by current code is consistent with the actual situation, the ground subsidence caused by the architectural complex is different from the actual situation. The land subsidence caused by the architectural complex is influenced by the size of buildings, the volume ratio and the degree of dispersion, and the land subsidence area and the depth caused by architectural complex is greater than a single building [22] . The model test of land subsidence caused by architectural complex carried out by Tongji University shows that there are obvious superimposed effects in land subsidence. The superimposed effect increased with the increase of the volume ratio of the building, and the maximum settlement rate and the settlement amount had significant time effect [16] [24] . Actually the mechanism of land subsidence caused by architectural complex is more complicated. The phenomenon of coexistence of most old and new buildings and the redevelopment and relocation of old buildings appear during the urban reconstruction, which give rise to superimposed effect of settlement and the effect of consecutive loading-unloading cycles and should also be concerned.
The prediction of land subsidence
The establishment of statistical model and physical model of land subsidence prediction is the two main methods for forecasting ground subsidence at home and abroad [7] [23] .
Statistical model. Statistical model is based mainly on fuzzy neural network, grey theory and Poisson cycle [25] [26] [27] . Previous studies have proved that the grey theory model is suitable for the relatively uniform area of land subsidence [28] ; artificial neural network model is suitable for the greater fluctuant area of land subsidence; and Poisson cycle model is suitable for the long-term predictions of land subsidence [9] . In practical application, because land subsidence is a complex process which is affected by many factors and the influencing factors has a complex nonlinear relation with subsidence, it is difficult to select the prediction method correctly and obtain the full data of land subsidence monitoring, which caused that the prediction accuracy of prediction model is difficult to guarantee.
Physical model. Physical model includes water flow model and soil mechanics model. According to the coupling degree of those two models, it can be divided into two-step model, partly coupling model and fully coupling model [29] . In recent years, there are many new understanding of the physical model research, which is more reasonable to express all kinds of subsidence phenomenon, mainly includes the following aspects:
The pore water types of aquitard and the mechanism of seepage and deformation are closely related to buried depth, according to limitation water content, the deformation calculation model of aquitard in different buried depth was proposes [30] [31] [32] .
The recent physical model considered that the deformation of every soil layer depends not only on the compressibility, but also on the thickness, which is more rational than the previous model which only depends on the compressibility of soil [1] .
It was once believed that the completion of sandy soil deformation is instantaneous during the change of stress change, but the research of subsidence in Suzhou and Beijing shows that sandy soil has a similar creep property with cohesive soil [11] [12] [33] [34] .
Viscoelastic theory which is applied to analyze the question of land subsidence provides a new way for the simulation of a large-area land subsidence which has the characteristic of complex deformation [35] .
The mechanism of the above physical model is clear, but the equation parameter is too complex, application is difficult and development is relatively slow.
The control of land subsidence and urban construction. The previous focus of the research on the ground control is to restrict the exploitation of groundwater, adjust the level of water resources exploitation and artificial recharge [36] . Recently, with the deep research on urban construction and land subsidence, The control of land subsidence by the planning of urban construction has gradually attracted the attention of the academic community, and it is thought that the size of buildings, the volume ratio and the degree of dispersion are related closely with land subsidence [20] [37] . Only limiting groundwater exploitation and reasonable planning urban construction can effectively control urban land subsidence [13] [16] [19] . But there is not yet a specific method to establish the optimum reference value of building size, volume rate, and dispersion degree with respect to land subsidence.
Conclusions
(1) In recent years, the new restrictive factors of land subsidence is engineering construction, in order to control urban land subsidence, Appropriate control of the urbanization process should be emphatically considered.
(2) The most urgent problem is to reveal the relationship between engineering construction, such as the size of buildings, the volume ratio and the degree of dispersion, and land subsidence, which will be beneficial to the environmental protection and the sustained development of the city.
